To test whether the beneficial effects of coffee consumption in metabolism might be explained by changes in circulating levels of adiponectin, we evaluated self-reported habitual coffee and tea consumption and caffeine intake as predictors of plasma adiponectin concentrations among 982 diabetic and 1,058 nondiabetic women without cardiovascular disease from the Nurses' Health Study. Women with and without diabetes who drank Ն4 cups of coffee per day had significantly higher adiponectin concentrations than those who didn't drink coffee regularly (7.7 vs. 6.1 g/ml, respectively, in diabetic women, P ϭ 0.004; 15.0 vs. 13.2 g/ml in nondiabetic women, P ϭ 0.04). Similar associations were observed for caffeine intake. We confirm previously reported inverse associations of coffee consumption with inflammatory markers, C-reactive protein, and tumor necrosis factor-␣ receptor II. Adjustment for adiponectin did not weaken these associations, and adjustment for inflammatory markers did not attenuate the association between coffee consumption and adiponectin concentrations. High consumption of caffeinecontaining coffee is associated with higher adiponectin and lower inflammatory marker concentrations.
RESEARCH DESIGN AND METHODS -W e s t u d i e d 9 8 2 women with type 2 diabetes and 1,058 nondiabetic women from the Nurses' Health Study (which provided measures of plasma adiponectin concentration and data on usual coffee consumption) who were free of coronary heart disease, myocardial infarction, coronary artery bypass grafting, percutaneous transluminal coronary angioplasty, and stroke at blood draw in 1990. Disease status was confirmed as previously reported (1).
Data on exposures, outcomes, and covariates were collected from questionnaires, as previously reported (1-4). Food intake data in the Nurses' Health Study have been assessed using a semiquantitative food frequency questionnaire (SFFQ) (4), the validity and reliability of which have been previously described (5-7), with high correlations between responses to the SFFQ and four 1-week dietary records for coffee (r ϭ 0.78), tea (r ϭ 0.94), and caffeinated sodas (r ϭ 0.85) (5). We also assessed total caffeine intake (8). Averages of coffee, tea, and caffeine intake from the 1984, 1986, and 1990 SFFQs were calculated to account for long-term dietary exposure and reduce within-person variability. Blood samples were taken in 1989 or 1990, and adiponectin was assayed (2,9).
Comparisons of descriptive measures were conducted using ANOVA for continuous variables and appropriate 2 tests for categorical variables across groups of caffeine-containing coffee consumers. Associations between beverage consumption and plasma adiponectin concentrations were evaluated using simple linear regression models for crude analysis and multiple linear regressions with logarithmic transformation of hormone values to achieve normal distribution. We adjusted for potential confounders in multivariate analyses. Tests for interaction were conducted using linear regression with multiplicative interaction terms. Analyses were conducted using SAS (version 9.1 for UNIX; SAS Institute, Cary, NC). P values are two sided.
RESULTS -Both diabetic and nondiabetic women who drank coffee on a daily basis had significantly higher total energy and caffeine intake and were more likely to be current smokers and less likely to be hypertensive or use thiazide diuretics. Diabetic women in the highest coffee consumption group also had a significantly lower BMI, higher alcohol intake, and were more likely to report a family history of diabetes, whereas nondiabetic women in the highest coffee group had significantly higher weekly physical activity and were more likely to be employed fulltime. (Table 1) Diabetic women who consumed four or more cups of caffeine-containing coffee per day had significantly higher adiponectin concentrations than those who drank lower amounts, even after full adjustment (Table 1) . Nondiabetic women in the same group had higher adiponectin concentrations as well, with significant differences among coffee groups after ad- No association between consumption of decaffeinated coffee and adiponectin concentration was found in either group. Intake of two or more cups of tea per day tended to be associated with higher adiponectin concentrations among diabetic women, and the association remained marginal after adjusting for lifestyle and medical history covariates (P ϭ 0.07) (data not shown).
We confirm previously reported inverse associations of coffee consumption with inflammatory markers (4) among diabetic women, specifically C-reactive protein (P ϭ 0.001) and tumor necrosis factor-␣ receptor II (P ϭ 0.03). Adjustment for adiponectin did not weaken these associations, and adjustment for inflammatory markers did not attenuate the association between coffee consumption and adiponectin concentrations (P Ͻ0.05 for all).
CONCLUSIONS -R e g u l a r c o nsumption of coffee may have beneficial effects including decreased insulin resistance, decreased incidence of type 2 diabetes, and lower levels of markers of inflammation; however, the exact underlying mechanisms are not completely understood (4,8,10 -17). Our study suggests that favorable metabolic effects of caffeine-containing coffee may partly operate through associations with serum adiponectin concentrations. We found that habitual consumption of four or more cups of caffeine-containing coffee per day was associated with ϳ20% higher serum adiponectin concentrations than those associated with habitual consumption of less than four cups of coffee daily, indicating that increased adiponectin may play a role in the beneficial effects of coffee on insulin sensitivity. Our data are consistent with several previous prospective studies that demonstrated a decreased risk of type 2 diabetes with higher coffee consumption, with observed benefits starting at three to six cups per day (8, 12, 15) . Our data extend recent findings that coffee consumption is associated with lower levels of E-selectin and C-reactive protein among women with diabetes (4) and suggest that coffee and/or caffeine may have unique effects on inflammatory processes, insulin sensitivity, and metabolism. Decaffeinated coffee and tea consumption was not associated with high adiponectin concentrations, but only a small number of women consumed four or less cups of decaffeinated coffee per day.
In addition to genetic factors, several modifiable lifestyle factors, including diet (2,18) and increased physical activity (19) , may at least partially determine circulating levels of the endogenous insulin sensitizer adiponectin (20 -23) . However, unlike high levels of physical activity and maintaining a healthy diet, which commonly cluster with an overall healthy lifestyle, coffee consumption has been linked to poorer health habits, such as cigarette smoking and physical inactivity (24) .
Phenolic compounds found in coffee may slow intestinal glucose absorption postprandially and improve GLP-1 secretion and glucose metabolism (25, 26) , and coffee may have antioxidant activities (27) . Mechanistic and interventional studies are necessary to determine whether the association between coffee intake and high adiponectin concentrations is causal and what bioactive components might underlie this relationship.
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